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(54) FUEL REFORMER 

(57} Afuel reformer which is relatively simple in struc- 
ture and can be manufactured at a low cost is provided. 
Afuel reformer includes: a high-temperature unit 2 having 
a combustion chamber 5A in which fuel is burned, and a 
reforming section 7 disposed on the outer peripheral sur- 
face side of the combustion chamber 5A and filled with 
a reforming catalyst in an annular shape; a medium- low- 
temperature unit 3 having a shift converter section (21 , 
26) located on the side where the medium- low-temper- 
ature unit 3 \s connected to the high-temperature unit 2 
and f^Ued with a shift converter catalyst in a cylindrical 
shape, and a selective oxidation section 36 located on 
the side opposite the side where the medium-low-tem- 
perature unit 3 is connected to the high-temperature unit 
2 and filled with a selective oxidation catalyst In a cylin- 
drical shape; a connection flow pipe 19 for supplying 
reformate having passed through the reforming section 
of the high-temperature unit 2 to the shift converter sec- 
tion srde In the medium-low-temperature unit 3; and a 
vessel 1 3 for integrally housing the high -temperature unit 
2 and the medium-low-temperature unit 3 connected by 
the connection flow pipe 19. 
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Description 

Technical Field 

[0001] The present invention relates to a fuel reformer 
for reforming a hydrocarbon-based fuel to produce hy- 
drogen-rich reformate and, more particularly, to an inte- 
grated fuel reformer which is relatively simple in structure 
and can be manufactured at a low cost. The present in- 
vention also relates to an mtegrated fuel reformer which 
can process various types of hydrocarbon fuels including 
gas fuels such as a city gas, LPG and anaerobic digestion 
gas and liquid fuels such as kerosene and gasoline to 
produce reformate suitable for a solid macromolecule fu- 
el ceil. 

Background Art 

[0002] In recent years, fuel cell cogeneration systems 
which can supply both heat and electricity are being de- 
veloped from the viewpoint of preservation of the global 
environment In such a system, a hydrocarbon fuel such 
as natural gas Is reformed with steam to produce hydro- 
gen-rich reformate {reformed gas) in a reforming device, 
and the produced reformate is supplied to a fuel ceil to 
generate electricity. Therefore, the reforming device is 
an important element to be developed for the economic 
efficiency and energy efficiency of the entire system. 
[0003] In general, when the fuel cell is a phosphoric 
acid fuel cell, the reforming device has a combustion sec- 
tion for supplying reforming heat, a reforming section in 
which a hydrocarbon is reformed into hydrogen and CO 
by a reforming reaction with steam, and a shift converter 
section in which CO in the reformate is shift-converted 
into hydrogen and 0O 2 by a shift converter reaction w(th 
steam. When the fuel cell is a solid macromolecuie fuel 
cell, the reforming device has a combustion section for 
supplying reforming heat, a reforming section, a shift con- 
verter section, and a selective oxidation section in which 
residual CO in the CO shift-converted gas is removed by 
a selective oxidation reaction with oxygen. For the pur- 
poses of making a reforming device compact and Improv- 
ing the thermal efficiency of a reforming device, an inte- 
grated reformer in wruch all components are integrated 
is proposed. For example, a multiple-cylinder type re- 
former and a stacked plate type reformer have been dis- 
closed. 

[0004] However, in conventional multiple-cylindertype 
reformers, a burner combustion section with a high-tem- 
perature, a reformmg section which needs to be heated 
to continue a high-temperature endothermic reaction 
therein, and a shift converter section and a selective ox- 
idation section which need to be cooled to continue me- 
dium-low-temperature exothermic reaction therein are 
arranged in concentric cylinders. Thus, the conventional 
multiple-cylindertype reformers have a problem that the 
structure is considerably complicated and a high manu- 
facturing cost is required. Also in conventional multiple- 



cylinder type reformers, since the cylindrical partitions 
for dividing the sections have large lengths and areas 
and since the differences in temperature between the 
sections are large, a large thermal stress is generated at 

5 the joints between the sections and a considerable 
amount of heat passes through the partitions. As a result, 
the temperature distributions in different sections affect 
each other, making the control of the temperatures diffi- 
cult and making the start-up time longer. Conventional 

to stacked plate type reformers have basically the same 
problems as multiple-cylindertype reformers. 
[0005] In addition, conventional reforming devices can 
process only either gas fuels such as city gas and natural 
gas or liquid fuels such as gasoline, kerosene and meth- 

15 anol. To use a gas fuel, mechanisms for preheating the 
gas fuel and for mixing the gas fuel with steam are re- 
quired. To use a liquid fuel, a mechanism for evaporating 
the liquid fuel is required. Therefore, both reforming de- 
vices for gas fuels and reforming devices for liquid fuels 

so are conventionally prepared to satisfy the demands of 
users. 

[0006] However, gas fuels and liquid fuels are supplied 
from different suppliers and treated differently in terms 
of taxation such as gasoline excise taxes. Accordingly, 

25 when the reforming devices can process both gas fuels 
and liquid fuels, the users of fuel cells can have an ad- 
vantage thatthey can use the best fuel depending on the 
prevailing economic situation. In addition, when reform- 
ing devices which can process both gas fuels and liquid 

30 fuels are manufactured, the manufacturing cost may be 
reduced by mass production as compared with when re- 
forming devices for gas fuels and reforming devices for 
liquid fuels are manufactured separately, 
[0007] The present invention has been made to solve 

35 the above problems, ft is, therefore, a first object of the 
present invention to provide afueJ reformer which is rel- 
atively simple in structure and can be manufactured at a 
low cost. A second object of the present invention is to 
provide a fuel reformer which generates little thermal 
stress and has excellent durability. A third object of the 
present invention is to provide a fuel reformer in which 
the control for optimum temperature distribution is easy 
in every parts and whbh has high thermal efficiency and 
a short start-up time. A fourth object of the present in- 

45 vention is to provide a fuel reformer which can reform 
both gas fuels and liquid fuels. 

Disclosure of the Invention 

so [0008] A fuel reformer of the present invention for 
achieving the first object includes: a high-temperature 
unit 2 having a combustion chamber 5A in which fuel is 
burned, and a reforming section 7 disposed on an outer 
peripheral surface side of the combustion chamber 5A 
55 and filled with a reforming catalyst in an annular shape; 
a medium-iow-temperature unit 3 having a shift converter 
section (21 > 26) located on a side where the medium- 
low-temperature unit 3 is connected to the high-temper- 
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attire unit 2 and filled with a shift converter catalyst in a 
cylindrical or annular shape, and a selective oxidation 
section 36 located on a side opposite the side where the 
medium-iow-temperature unit3 is connectedto the high- 
temperature unit 2 and rifled with a sefective oxidation 
catalyst in a cylindrical or annular shape; a connection 
flow pipe 19 for supplying reformats having passed 
through the reforming section of the high-temperature 
unit 2 to the shift converter section side in the medium- 
low-temperature unit 3; and a vessel 13 for integrally 
housing the high -temperature unVt 2 and the medium- 
low-temperature unit 3 connected by the connection flow 
pipe 19. 

[0009] The combustion chamber 5A typically has a 
burner 4 therein for burning the fuel. The burner 4 is typ- 
ically located on the central axis of the combustion cham- 
ber 5A. 

[0010] In the fuel reformer constituted as described 
above, the temperature of the reforming section 7 of the 
high-temperature unit 2 increases, for example, from 
about room temperature at sfart-up to an operating tem- 
perature during steady operation, in the medium-low- 
temperature unit 3, the temperature of the shift converter 
section (21 , 26) increases from about room temperature 
at start-up to a shift converter section temperature during 
steady operation, and the temperature of the selective 
oxidation section 36 increases from about room temper- 
ature at start-up to a selective oxidation section temper- 
ature during steady operation. The high -temperature unit 
2 and the medium-low-temperature unit 3 are divided 
based on the operating temperatures during steady op- 
eration as described above, and the reformate is made 
to flow according to the order of the processes, reforming 
shift-converting -^selective oxidation, by the connec- 
tion flow pipe 19. Also, the high-temperature unit 2 and 
the medium-low-temperature unit3 are integrally housed 
in the vessel 13. Thus, the fuel reformer is simple in struc- 
ture and can be manufactured at a low cost. Preferably, 
the high-temperature unit 2 and the medium- low-temper- 
ature unit 3 may have a common axis and a circular or 
rectangular (includingsquare) cross-section. Then, there 
can be provided a fuel reformer whose shape is suitable 
for the piace where the user wishes to install it. In partic- 
ular, when the high-temperature unit 2 and the medium- 
low-temperature unit 3 have a circular cross-section, the 
gas can flow uniformly and the production materials can 
be saved. When the high -temperature unit 2 and the me- 
dium-iow-temperature unit 3 have a rectangular, in par- 
ticular square, cross-section, the fuel reformer can be 
easily installed. 

[0011 ] Preferably, the fuel reformer of the present In- 
vention may further include: a reforming additive water 
passage 40 formed In a gap between outer walls of the 
high-temperature unit 2 and the medium-low-tempera- 
ture unit 3 and an inner wall of the vessel 13; and a re- 
forming additive water injection port 41 provided at an 
end of the reforming additive water passage 40 on a side 
opposite the side where the medium-iow-temperature 



unit 3 is connected to the high-temperature unit 2. 
[001 2] In the above constitution, since heat can be ex- 
changed between the reforming additive water flowing 
through the reforming additive water passage 40 and the 

s reformate via the outerwa^ls of the high -temperature unit 
2 and the medium-low-temperature unit 3 during steady 
operation, the thermai efficiency is improved. 
[001 3] Preferably, the fuel reformer of the present in- 
vention for achieving the forth object may further may 

10 include: a reforming material supply passage 50 for sup- 
plying reforming materia! to the high -temperature unit 2; 
and a mixing chamber 44 communicating the reforming 
additive water passage 40 and the reforming material 
supply passage 50. Then, a process necessary to make 

*5 the reforming reaction in the reforming section 7 smooth 
can be performed on the reforming material in the mixing 
chamber 44 using superheated steam converted from 
the reforming additive water in the reforming additive wa- 
ter passage 40. That is, the fuel is evaporated when the 

so fuel is a liquid fuel, or the fuel is preheated when the fuel 
is a gas fuel. 

[001 4] Preferably, the fuel reformer of the present in- 
vention for further achieving the third and forth object 
may include: a reforming material supply passage 50 for 

& supplying reforming material to the high-temperature unit 
2; a second reforming additive water passage 45 for sup- 
plying reforming additive water directly to the high -tem- 
perature unit2, notthrough the medium-low-temperature 
unit 3; and a mixing chamber 44 communicating the re- 

so forming additive water passage 40, the reforming mate- 
rial supply passage 50 and the second reforming additive 
water passage 45. 

[0015] When the fuel reformer constituted as de- 
scribed above is activated, reforming additive water as 

35 a preheating medium is supplied from the second reform- 
ing additive water passage 45 and shift-converted into 
steam by heat exchange with combustion gas in the mix- 
ing chamber 44. The generated steam flows in the re- 
verse direction through the reforming additive water pas- 

40 sage 40 to preheat the medium-fow-temperature unit 3. 
Thus, since the medium- low-temperature unit 3 can be 
preheated without using a heating medium such as ni- 
trogen, the start-up time can be shortened. Also, since 
the medium-low-temperature unit 3 is preheated before 

4 $ introduction of the reformate, condensation of water on 
the shift converter catalyst layer and the selective oxida- 
tion catalyst layer in the medium-low-temperature unit 3 
at the time of introduction of the reformate can be pre- 
vented and the service lives of the catalysts can be ex- 

50 tended. 

[0016] in addition, the temperature of each section can 
be controlled stably only by adjusting the ratio of the 
amounts of the water flowing through the reforming ad- 
ditive water passage 40 and the second reforming addi- 
55 tive water passage 45 without changing the total flowing 
amount of reforming additive water. 
[0017] The fuel reformer of the present invention for 
achieving the third object may further include: a baffle 
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plate 18 provided In a gap at a joint between the high- 
temperature unil2andthe modi urn-low-temperature unit 
3; and a heat exchanging section 24 provided between 
opposite faces of the high-temperature unit 2 and the 
medium-low-temperature unit 3 for exchanging heat be- 
tween reformate flowing from the high-temperature unit 
2 to the medium4ow-temperature unit 3 and the reform- 
ing additive water. Then, the reforming additive water 
flowing through the reforming additive water passage 40 
and the reformate exchange heat via the outer waifs of 
the high -temperature unit 2 and the medium-low-temper- 
ature unit 3 in the heat exchanging section 24 to be evap- 
orated and superheated and the temperature distribution 
in the fuel reformer is optimized. 

[001 8] In the fuel reformer of the present invention for 
achieving the second and third object, where the con- 
nection flow pipe 1 9 has an expandable memberexpand- 
able and contractible in the axial direction of the connec- 
tion flow pipe 19, the distortion caused by thermal ex- 
pansion of the high -temperature unit 2, the medium-fow- 
temperature unit 3 and the vessel 13 when these are 
shifted from a cooled state at start-up to a heated state 
during steady operation can be absorbed by expansion 
or contraction of the connection flow pipe 19, Thus, even 
if the start-up and operation of the fuei reformer are re- 
peated, the influence of thermal stress is not increased. 
The member to expand or contract may be a member 
having a wavy cross-section like a bellows or a member 
which can be easily bent like a diaphragm, In addition, 
such an expandable member has a larger surface area 
than astraightpipe, the heat exchange between the refor- 
mate flowing through it and the reforming additive water 
flowing outside it can be performed efficiently. 
[0019] In the fuel reformer of the present invention, 
where the high-temperature unit2 is located on the upper 
side and the medium-low-temperature unit 3 is located 
betow the high-temperature unit 2, the phase change 
from water to steam can occur naturally when a reforming 
additive water passage is provided since the difference 
in specific gravity between water and steam coincides 
with the direction of gravity, in the fuel reformer of the 
present Invention, the high-temperature unit 2 may be 
located on the lower side and the medium-low-tempera- 
ture unit 3 may be located above the high-temperature 
unit 2. When water and/or reforming material are supplied 
to the fue] reformer using existing piping systems, the 
installation of the fuel reformer may be facilitated when 
the fuel reformer is installed upside down. 
[0020] Preferably, in the fuei reformer of the present 
invention, the shift converter section may have a first shift 
converter section 21 located on a side of the high-tem- 
perature unit 2 and filled with a first shift converter catalyst 
in a cylindrical or annular shape, and a second shift con- 
verter section 26 located on a side of the selective oxi- 
dation section 36 and filled with a second shift converter 
catalyst in a cylindrical or annular shape. Then, the tem- 
perature distribution in the shift converter section can be 
optimized and the heat generated by the shift converter 



reaction can be easily removed. Also, since the first shift 
converter section 21 has a higher temperature than the 
second shift converter section 26 during steady opera- 
tion, the compositions of the first shift converter catalyst 
s and the second shift converter catalyst can be appropri- 
ately selected so that the shift converter reaction can 
proceed efficiently at the temperatures during steady op- 
erations. 

[0021] Preferably, in the fuel reformer of the present 
w invention, as shown in FIG. 7 for example, the second 
shift converter section 26 may have: an mner cylmder 29 
disposed coaxially with an outer wall of the medium-low- 
temperature unit 3; and an intermediate cylinder 30 dis- 
posed coaxially with an outer wail of the medium-low- 
75 temperature unit 3 and on the outer peripheral side of 
the inner cylinder 29, and a gas introduction passage 31 
for the reformate having passed through the first shift 
converter section 21 may be defined by an inner periph- 
eral surface of the inner cylinder 2 9, a catalyst filled- layer 
20 25 of the second shift converter section 26 may be de- 
fined by an outer peripheral surface of the inner cylinder 

29 and an inner peripheral surface of the intermediate 
cylinder 30, and a gas discharge passage 32 may be 
defined by an outerperipheral surface of the Intermediate 

25 cylinder 30 and an inner peripheral surface of the medi- 
um-low-temperature unit3. That is, the reformate having 
passed through the first shift converter section 21 passes 
through the gas introduction passage 31 and the catalyst 
fifled-layer 25 and is directed to the selective oxidation 

30 section 36 through the gas discharge passage 32, 

[0022] Preferably, in the fuei reformer of the present 
invention, as shown in FfG. 7 for example, the second 
shift converter section 26 may have: a first opening 33 
communicating the gas Introduction passage 31 and the 

35 catalyst fiHed-layer 25 of the second shift converter sec- 
tion 26, and disposed at the inner cylinder 29 on the side 
of the selective oxidation section 36; and a second open- 
ing 28 communicating the catalyst filled-layer 25 of the 
second shift converter section 26 and the gas discharge 

40 passage 32, and disposed at the intermediate cylinder 

30 on the side of the first shift converter section 21 . That 
is, the reformate having passed thro ugh the firstshift con- 
verter section 21 flows downward through the gas intro- 
duction passage 31 , turns around at the first opening 33 

45 and flows upward through the catalyst filled- layer 25, The 
reformate discharged from the catalyst filled-! aye r 25 
turns around at the second opening 28, and flows down- 
ward through the gas discharge passage 32 to the se- 
lective oxidation section 36. 

50 [0023] Preferably, the fuel reformer of the present in- 
vention may, as shown in FIGS. 1 and 7 for example, 
include a baffle plate 33 in a gap between the shift con- 
verter sections (21, 26) and the selective oxidation sec- 
tion 36, and a selective oxidation air introduction port 58 

55 may be [ocated in an opening at a center of the baffle 
piate 38. Then, the reformate shift-converted in the shift 
converter section and selective oxidation air can be prop- 
erly mixed and the selective oxidation reaction proceeds 
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effectively In the selective oxidation section 36. 
[0024] Preferably, m the fuel reformer of the present 
invention, as shown in FIG. 7 for example, the selective 
oxidation section 36 may have a cylindrical hollow section 
36B through which the reformate flowing from the shift 
converter sections (21 , 26) cannot pass in a vicinity of a 
center thereof. Then, the flow of reformate through the 
central area of the selective oxidation section 36 through 
which a large amount of the reformate tends to flow is 
suppressed. Thus, the reformate flows uniformly through 
the peripheral area of the selective oxidation section 36, 
and the selective oxidation reaction proceeds uniformly. 
Therefore, the amount of selective oxidation catalyst to 
be filled in the selective oxidation section 36 can be op- 
timized and the temperature distribution in the selective 
oxidation section 36 can be optimized. 
[0025] Preferably, in the fuel reformer of the present 
invention, as shown in FIG. 8 for example, the medium- 
low-temperature unit 3 may have a shift converter section 
(21 , 26) having a first shift converter section 21 located 
on a side of the high-temperature unit 21 and filled with 
a first shift converter catalyst in a cylindrical or annular 
shape and a second shift converter section 26A filled with 
a s econ d s h If t co n ve rter catalyst In a cy ii n drical or a n n u far 
shape and disposed coaxially with the selective oxidation 
section. Then, the second shift converter section 26A 
andthe selective oxidation section 36A are arranged con- 
centrically and the fuel reformer can be compact as a 
whole. 

[0026] Preferably, in the fuel reformer of the present 
invention, as shown in FIG. 8 for example, the second 
shift converter section 26A may have an Inner cylinder 
29A disposed coaxially with an outer wall of the medium- 
low-temperature unit 3, and an intermediate cylinder 30A 
disposed coaxialiy with the outer wall of the medium-low- 
temperature unit 3 and on the outer peripheral side of 
the inner cylinder29A. The second shift converter section 
26Aalso has a catalyst-filled layer 25A in a space defined 
by an outer peripheral surface of the inner cylinder 29A 
and an inner peripheral surface of the intermediate cyl- 
inder 30A. The selective oxidation section 36A has a se- 
lective oxidation catalyst-filled layer 35 A in a space de- 
fined by an outer peripheraf surface of the Intermediate 
cylinder 30A and an inner peripheral surface of the me- 
dium-low-temperature unit 3. A gas introduction passage 
31 A is formed between opposite faces of the first shift 
converter section 21 and the second shift converter sec- 
tion 26A and feeds the reformate having passed through 
the first shift con verier section 21 to the second shift con- 
verter section 26A. A gas discharge passage 32A is 
formed by a conduit 70A communicating the bottom side 
of the second shift converter section 26A and a part of 
the selective oxidation section 36A facing the first shift 
converter section 21 and feeds the reformate having 
passed through the second shift converter section 26A 
to the selective oxidation section 36A. 
[0027] In the device constituted as described above, 
the reformate having passed through the first shift con- 



verter section 21 passes through the gas introduction 
passage 31 A and then the second shift converter section 
26A, and is directed to the selective oxidation section 
36A through the gas discharge passage 32A. Since the 
s selective oxidation section 36A is disposed annularly 
around the second shift converter section 26A, the flow 
of reformate through the central area of the reformer 
through which a large amount of reformate tends to flow 
is suppressed. Thus, the reformate flows uniformly 

to through the peripheral part of the selective oxidation sec- 
tion 36A and the selective oxidation reaction proceeds 
uniformly. As a result, the amount of selective oxidation 
catalyst to be fHled in the selective oxidation section 36 A 
can be optimized andthe temperature distribution in the 
selective oxidation section 36A can be optimized. 
[0028] Preferably, the fuel reformer of the present in- 
vention may, as shown in FIG. 8 for example, further 
include: a baffle plate 27A disposed between opposite 
faces ofthefirstshiftconvertersection 21 andthe second 

20 shift converter section 26A f where the gas introduction 
passage 31 A is defined by the baffle plate 27 A, an inner 
peripheral surface of the intermediate cylinder 30A, and 
an outer peripheral surface of the Inner cylinder 29A. 
Preferably, the baffle plate 27A may have an annular 

25 shape and a gas dispersion plate 34A is disposed in the 
center of the annular shape. Then, the reformate can flow 
uniformly through the second shift converter section 26A 
and the shift converter reaction proceeds uniformly. 
[0029] Preferably, in the fuel reformer of the present 

so invention, as shown in FIG. 8 for example, the gas dis- 
charge passage 32A may be defined by a bottom 39 of 
the intermediate cyHnder30A, an inner peripheral surface 
of the inner cylinder 29, and a conduit 70A connecting 
the inner peripheral surface of the inner cyiinder29A and 

35 the selective oxidation section 36A. Then, the gas dis- 
charge passage 32A can be effectively arranged in the 
reformer with a compact shape. Preferably, the selective 
oxidation air introduction port 58 may be located in a first 
opening 33A at an end of the inner cylinder 29 on the 

40 side of the bottom 39 of the intermediate cylinder 30A. 
Then, the reformate shift-converted in the shift converter 
section (21 , 26A) and selective oxidation air are properly 
mixed and the selective oxidation reaction proceeds ef- 
fectively in the selective oxidation section 36A + 

45 [0030] Preferably, the fuel reformer of the present in- 
vention mayfurtherindude a vacuum heat insulating iay- 
er 60 provided on an outer periphery of the vessel 13. 
Then, the reformer can be compact as a whole and heat 
loss from the high-temperature unit 2, the medium-low- 

50 temperature unit 3 and the reforming additive water flow- 
ing through the reforming additive water passage 40 can 
be reduced. Therefore, the thermal efficiency of the re- 
former can be Improved. Preferably, the wait surface of 
the vacuum heat insulating iayer 60 may be made of a 

ss material with a high reflectivity such as silver plate or 
aluminum plate. Then, heat radiation as well as heat con- 
duction can be reduced. 

[0031] A fuel reformer of the present invention for 
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achieving the third and forth object includes, as shown 
in FIG, 1 for example: a high-temperature unit 2 having 
a combustion chamber 5A in which fuel Is burned, and a 
reforming section 7 disposed on the outer peripheraf side 
of the combustion chamber 5A and filled with a reforming 
catalyst; a medium-low-temperature unit 3 having a shift 
converter section (21 , 26) for shift-converting refotmate 
having passed through the reforming section 7 of the 
high-temperature um£2, and a selective oxidation section 
36 for performing selective oxidation of the reformate 
shift -converted in the shift converter section; a reforming 
additive water passage 40 which is disposed in such a 
manner that reforming additive water can undergo heat 
exchange in the medium-iow-temperature unit 3 and 
which can supply the reforming additive waterto the high- 
temperature unit 2; a second reforming additive water 
passage 45 forsupplying reforming additive water direct- 
ly to the high-temperature unit2, notthrough the medium- 
low-temperature unit 3; a reforming material supply pas- 
sage 50 for supplying reforming material to the high-tem- 
perature unit 2; and a mixing chamber 44 communicating 
the reforming additive water passage 40, the second re- 
forming additive water passage 45 and the reforming ma- 
terial supply passage 50. 

[0032] When the fuel reformer constituted as de- 
scribed above is activated, reforming additive water as 
a preheating medium is supplied from the second reform- 
ing additive water passage 45 and shift-converted into 
steam by heat exchange with combustion gas in the mix- 
ing chamber 44. The generated steam flows in reverse 
through the reforming additive water passage 40 to pre- 
heat the medium-low-temperature unit 3. Thus, since the 
medium- Low-temperature unit 3 can be preheated with- 
out using a heating medium such as nitrogen, the start- 
up time can be shortened. Also, since the medium-low- 
temperature umt3 is preheated before introduction of the 
reformat©, condensation of water on the shift converter 
catalyst layer and the selective oxidation catalyst layer 
in the medium-low-temperature unit 3 at the time of in- 
troduction of the reformate can be prevented and the 
service lives of the cata^ysts can be extended. 
[0C33] In addition, during steady operation of the fuel 
reformer, the temperature of each section can be con- 
trolled stably without changing the total flowing amount 
of reforming additive water only by adjusting the ratio of 
the amounts of the water flowing through the reforming 
additive water passage 40 and the second reforming ad- 
ditive water passage 45. 

[0034] The basic Japanese Patent Application No. 
2002-28794 filed on February 5, 2002 and No, 
2002-161482 filed on June 3, 2002 are hereby fncorpo- 
rated in their entirety by reference into the present appli- 
cation. 

[0035] The present invention will become more fully 
understood from the detailed description given herein- 
below. The other applicable fieids will become apparent 
with reference to the detailed description given herein- 
below. However, the detailed description and the specific 



embodiment are illustrated of desired embodiments of 
the present invention and are described only for the pur- 
pose of explanation. Various changes and modifications 
will be apparent to those ordinary skNIed rn the art within 
5 the spirit and scope of the present invention on the basis 
of the detailed description. 

[0036] The applicant has no intention to g*ve to public 
any disclosed embodiments. Among the disclosed 
changes and modifications, those which may not literally 
to fall within the scope of the present claims constitute, 
therefore, a part of the present invention in the sense of 
doctrine of equivalents. 

Brief Description of Drawings 

[0037] 

FIG. 1 is a vertical cross-sectional view illustrating a 
basic constitution of a first embodiment of the 
present invention. 

FIG. 2 is a flowchart showing the operation proce- 
dure at start-up of the device shown in FIG. 1 . 
FIG. 3 is a vertical cross-sectional view illustrating 
the preheating state at start-up in the device shown 
in FIG. 1. 

FIG, 4 is a vertical cross-sectiona? view illustrating 
the start of supply of reforming material in the device 
shown in FIG. 1. 

FIG. 5 is a vertical cross-sectional view illustrating 
the start of supply of first reforming additive water in 
the device shown in FIG. 1 . 

FIG. 8 is a constitutional block diagram illustrating a 
second embodiment of the present invention. 
FIG. 7 is a vertical cross-sectional view illustrating a 
third embodiment of the present invention. 
FIG. 8 is a vertical cross-sectional view illustrating a 
fourth embodiment of the present invention. 

Best Mode for Carrying Out the invention 

[0038] Description is hereinafter made of embodi- 
ments of the present invention with reference to cross- 
sectional views illustrating the general constitution of a 
reformer according to the present invention. 
[0039] FIG. 1 is a vertical cross-sectionaf v*ew illustrat- 
ing a fuel reformer according to a first embodiment of the 
present invention. As shown in the drawing, a reformer 
1 has a reformer upper section 2 as a high-temperature 
unit and a reformer lower section 3 as a medium-low- 
temperature unit. The reformer upper section 2 has a 
burner 4 for burning fuel, a combustion cylinder 5 dis- 
posed coaxial Sy with the burner4, and a reforming section 
7 having an annular body and housing a reforming cat- 
alyst-filled layer 6. The burner 4 is located generally on 
the central axis of the combustion cylinder 5, As the re- 
forming catalyst for use in the reforming catalyst-filled 
layer 6, any substance can be use as long as It can ac- 
celerate a reforming reaction. For example, a Ni-based 
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reforming catalyst or a Ru-based reforming catalyst can 
be used. The reforming catalyst may be in the form of 
particles or have a cylindrical, honeycomb or monolithic 
shape, A detailed illustration of the burner 4 is not given 
here. 

[0040] A combustion chamberSA has aperipherai wall 
formed by the combustion cylinders. A combustion gas 
passage 10, a baffle plate 11 and an outlet 12 are pro- 
vided in a gap between the combustion cylinder 5 and 
the reforming section 7. A partition 15 separates the com- 
bustion gas passage 1 0 and a reformats passage 1 6 and 
is made of a metal material with high thermal resistance 
or the like, A heat msufator 1 4 is interposed between the 
combustion chamber 5A and the partition 16 to reduce 
the heat transmission between reformate discharged 
from the reforming section 7 and combustion gas. The 
bafffe plate 1 1 makes the flow distribution of the combus- 
tion gas uniform in the combustion gas passage 10 and 
has an annular shape with a multiplicity of holes. 
[0041] The reformer lower section 3 has a cylindrical 
first shift converter section 21 housing a first shift con- 
verter catalyst-filled layer 20, a cylindrical second shift 
converter section 26 housing a second shift converter 
catalyst-fHIed layer 25, and a cyfindrical selective oxida- 
tion section 36 housing a selective oxidation catalyst- 
filled fayer35. As a first shift converter cataiyst for use in 
the first shift converter catalyst-filled layer 20, an Fe-Cr- 
based high-temperature shift converter cataiyst or a Pt- 
based medium-high-temperature shift converter cata- 
lyst, for example, can be used. As a second shift con- 
verter catalyst for use In the second shift converter cat- 
alyst-filled Iayer25, a Cu-Zn-based fow-tempe nature shift 
converter catalyst or a Pt-based low-temperature shift 
converter catalyst, for example, can be used. The cata- 
lysts for use in the first shift converter cataiyst-f ilted layer 
20 and the second shift converter catalyst-filled layer 25 
may be in the form of particles or have a cylindrical, hon- 
eycomb or monolithic shape. 

[0042] As a selective oxidation catalyst for use In the 
selective oxidation catalyst-filled layer 35, any catalyst 
can be used as long as [t has a high CO selective oxida- 
tion capacity. For example, a Pt-based selective oxida- 
tion catalyst f Ru -based selective oxidation catalyst, or a 
Pt-Ru-based selective oxidation catalyst can be used. 
The catalysts for use in the selective oxidation catalyst- 
filled layer 35 may be in the form of particles or have a 
cylindrical, honeycomb or monolithic shape. 
[0043] A connection flow pipe 19 connects a bottom 
17 of the reformer upper section 2 and a top 23 of the 
reformer lower section 3 and made, for example, of a 
corrugated expandable pipe which can be expandable 
andcontractible In its axial direction. The reformer upper 
section 2 Is surrounded by a cylindrical tube. The bottom 
17 serves like the bottom of a bucket for the reformer 
upper section 2 and has an opening communicated with 
the connection fiow pipe 19 at the center. The reformer 
lower section 3 is surrounded by a cylindrical tube. The 
top 23 serves like a lid for the reformer lower section 3 



and has an opening communicated with the connection 
flow pipe 1 9 at the center. The reformer lower section 3 
has a bottom 43 which serves like the bottom of a bucket 
for the reformer lower section 3 and has an opening com- 
5 municated with a reformate discharge pipe 55 atthe cent- 
er. 

[0044] When a corrugated expandable pipe is used for 
the connection flow pipe 1 9, the bottom 17 and top 23 
may be made of a matenal with high rigidity since the 

1° expandable pipe can deform in its axial direction to ab- 
sorb the thermal expansion and contraction of the re- 
former upper section 2 and the reformer lower section 3. 
The connection flow pipe 19 is not necessarily joined to 
thecentersof the bottom 1 7andtop 23and may be joined 

15 to peripheral parts of the bottom 1 7 and top 23. A plurality 
of connection flow pipes 19 may be provided between 
the bottom 17 and top 23. When a straight pipe is used 
For the conduit part of the connection flow pipe 19, the 
connection fiow pipe 1 9. should be joined to the centers 

20 of the bottom 1 7 and top 23 so that the thermal expansion 
and contraction of the reformer upper section 2 and the 
reformer lower section 3 can be absorbed by bending 
deformation of the bottom 17 and top 23. In this case, 
the bottom 1 7 and top 23 may be made of the same steel 

25 plate as other parts of the reformer upper section 2 and 
the reformer lower section 3. The bottom 1 7 and the top 
23 is preferably corrugated so that they can be easily 
bent In this case, a normal pipe which is not expandable 
can be used for the connection fiow pipe 19. 

30 [0045] A vessel 1 3 is a cylinder for integrally housing 
the reformer uppersection 2 and the reformer lowersec- 
tion 3 connected by the connection flow pipe 1 9 and has 
a first reforming additive water injection port 41 and a 
reformate discharge pipe 55 at the bottom. The vessel 

35 13 j S disposed coaxialiy with the reformer upper section 
2 and the reformer lower section 3, which have a cylin- 
drical shape. Heat insulating layers 60 are provided on 
an outer periphery of the vessel 13 and on top of the 
reformer upper section 2. As the heat insulating layers 

40 for use as the heat insulating tayers 60, vacuum heat 
insulating layers are preferred. A gas dispersion plate 22 
is provided in a space between the reformer lower section 
top 23 and the first shift converter catalyst-filled layer 20. 
A porous plate is used as the gas dispersion plate 22 so 

45 that reformate flowing from the connection fiow pipe 1 9 
can uniformly flow into the first shift converter catalyst- 
filled layer 20. A gas dispersion plate 37 is provided m a 
space between the bottom of the second shift converter 
catalyst-filled layer 25 and the selective oxidation cata- 

5o lyst-fiHed layer 35 and below an annular baffle plate 38. 
A porous plate is used as the gas dispersion plate 37 so 
that reformate flowing from the central opening of the 
annuiar baffle plate 38 can uniformly fiow into the selec- 
tive oxidation catalyst-filled Eayer35. 

55 [0046] A first reforming additive water passage 40 is 
formed in a gap between outer walls of the reformerupper 
section 2 and the reformer lower section 3 and an inner 
wail of the vessel 13. The first reforming additive water 
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passage 40 Is a space with an annufar cross-section 
since the reformer upper section 2 and reformer lower 
section 3 have a cylindrical shape and are disposed co- 
axially with the vessel 13. The first reforming additive 
water passage 40 may be a pipe extending through the 
reformer upper section 2 and reformer iower section 3 
and made of a pipe material which allows heat exchange. 
The first reforming additive water injection port 41 Is pro- 
vided at the lower end of the first reforming additive water 
passage 40 on the side of the reformer iower section 3. 
Reforming additive water is supplied from a first reform- 
ing additive water injection passage 66 to the first reform- 
ing additive water passage 40 th roug h a flow control valve 
64 and the first reforming additive water injection port 41 . 
A drain electromagnetic valve 63 is opened at start-up 
to allow reforming additive water or steam to flow in re- 
verse through the first reforming additive water passage 
40 and kept closed during steady operation to prevent 
reforming additive water supplied to the first reforming 
additive water passage 40 from leaking out. 
[0047] A mixing chamber 44 is provided at the upper 
end of the reformer upper section 2, and the first reform- 
ing additive water passage 40, a second reforming ad- 
ditive water passage 45, a reforming material passage 
50 and a reforming section inlet gas passage 8 are com- 
municated with the mixing chamber 44, During steady 
operation, the mixing chamber 44 receives reforming ad- 
ditive water and reforming materia! andfeeds gas formed 
by mixing the reforming additive water and reforming ma- 
terial to the reforming section 7. The second reforming 
additive water passage 45 is provided above the mixing 
chamber 44 and communicated wfth the mixing chamber 
44, and has an annular shape, for example. The second 
reforming additive water passage 45 has a dispersion 
plate 46 and an injection port 47, and reforming additive 
water is supplied to the second reforming additive water 
passage 45 through a flow control valve 65 provided in 
a second reforming additive water injection passage 67. 
The reforming material passage 50 as a reforming ma- 
terial supply passage is an annular passage formed be- 
low the second reforming additive water passage 45 and 
communicated with the mixing chamber 44. The reform- 
ing mate Hal passage 50 is a conduit provided with a dis- 
persion plate 51 and an injection port 52. 
[0048] An annular baffle plate 18 is provided in a gap 
between the reformer upper section bottom 17 and the 
reformer lower section top 23. The baffle plate 1 8 disturbs 
the flow of reforming addrtive water through the first re- 
forming additive water passage 40 to direct the flow of 
reforming additive water toward the connection flow pipe 
1 9 so that heat exchange of the reforming additive water 
with the reformer upper section bottom 17 and the re- 
former lower section top 23 can be made efficiently. A 
heat exchanging section 24 is an annular space which 
is defined by the reformer upper section bottom 17, the 
reformer lower section top 23, the baffle plate 1 8 and the 
connection flow pipe 19 and in which reformate and first 
reforming additive water exchange heat. 



[0049] The reformate discharge pipe 55 and a selec- 
tive oxidation air introduction pipe 57 are provided at the 
bottom 43 of the reformer lower section 3 and have a 
double pipe structure. A selective oxidation air introduc- 

5 tion port 58 is an opening provided at an end of the se- 
lective oxidation air introduction pipe 57 on the side of 
the gap between the second shift convertercatalyst-filfed 
layer 25 and the selective oxidation catalyst-filled layer 
35 and located in the central opening of the annufarbaff le 

to plate 38. An electromagnetic vale 62, which is provided 
at the reformate outlet of the reformate discharge pipe 
55, is closed at start-up and kept opened during steady 
operation. 

[0050J The operation of the fuef reformer according to 
is the present invention is next described. FIG. 2 is a flow- 
chart showing the operation procedure at start-up of the 
deviceshowninFlG. 1. FIG. 3 is a vertical cross-sectional 
view illustrating the preheating state at start-up in the 
device shown in FIG. 1 , FIG. 4 is a vertical cross-sectional 
zo view illustrating the start of supply of reforming material 
in the device shown in FfG. 1, and F^G. 5 is a vertical 
cross-sectional view illustrating the start of supply of first 
reforming additive water in the device shown in FIG. 1. 
In FIG, 3 to FfG. 5, each of the valves 62, 63, 64 and 65 
2$ is shown in black when it is closed and in white when it 
is open. 

[0051} First, the operation at start up is described. 
Combustion air is fed to the burner 4 to prepurge the 
burner 4 f the combustion cylinder 5 and the combustion 

30 gas passage 10. Then, an ignition device is activated 
and, at the same time, supply of burner fuel is started to 
ignite the burner (S100). When Ignition of the burner rs 
confirmed, second reforming additive water as a start-up 
heating medium starts to be injected through the second 

35 reforming additive water injection port 47 (see FIG. 3). 
Afte r t he igniti on , h tgb-ternperatu re comb ustlo n gas tu rns 
around at the bottom of the combustion cylinder 5 and 
passes through the combustion gas passage 1 0 to pre- 
heat the reforming catalyst-filled layers and to evaporate 

4£> and superheat the second reforming additive water as a 
start-up heating medium passing through the second re- 
forming additive water passage 45 and the mixing cham- 
ber 44. Since the efectromagnetic valve 62 at the refor- 
mate outlet is closed and the drain electromagnetic valve 

45 63 in the first reforming additive water passage is opened 
at start-up, the generated superheated steam flows in 
reverse through the first reforming additive water pas- 
sage 40 to preheat the reformer lower section 3 (S102). 
Since the reformer lower section 3 is preheated to a tem- 

50 perature equal to or Ngher than the dew pomf of refor- 
mate to be introduced before introduction of the refor- 
mate as described above, condensation of water in the 
cataiyst layers at the time of introduction of the reformate 
can be prevented and the service lives of the cataiysts 

55 can be extended. Then, it is determined whether the inlet 
temperature of the reforming catalyst-filled layer 6 has 
reached a predetermined value (S1 04), and the preheat- 
ing of the reformer lower section 3 is continued until the 
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inlet temperature reaches the predetermined value. The 
predetermined value of the inlet temperature of the re- 
forming catalyst-filled layer 6 Is preferably in the range 
of 450 to 550°C although it depends on the type of the 
fuel to be reformed. 

[0052] When the inlettemperature ofthe reforming cat - 
alyst-filied layer 6 reaches the predetermined value, the 
electromagnetic valve 62 at the reformat© outlet Is 
switched to open and the drain electromagnetic valve 63 
in the first reforming additfve water passage is switched 
to close (S106). Then, fuel as reforming material and 
selective oxidation air in an amount equal to approxi- 
mately 30 to 50% of the amount necessary during rated 
load operation are supplied through the fuel Injection port 
52 and the selective oxidation air introduction port 58, 
respectively, to start reforming of fuel (S1 08; see FIG. 4). 
[0053] When reforming of fuel is started, since the shift 
converter reaction and selective oxidation reaction are 
exothermic reactions as described later, the tempera- 
tures of the first shift converter catalyst-filled layer 20, 
the second shift converter catalyst-filled layer 25 and the 
selective oxidation cataiyst-fiiled layer 36 are raised by 
the heat of reactions in them. Then, it is determined 
whether the temperature of a catalyst layer as a rate- 
controlling temperature to shift to steady operation, for 
example, the inlet temperature of the second shift con- 
verter cataiyst-fJNed layer 25, which takes the longest 
time to raise the temperature in the device shown in FIG, 
1, has reached a predetermined value (S1 10). The re- 
forming of fuel with the second reforming additive water 
is continued until the inlettemperature ofthe second shift 
converter catalyst-filled layer 25 reaches the predeter- 
mined value. The predetermined value of thesecond shift 
convertercatalyst-filled Iayer25 is preferably In the range 
of 180 to 220°C when a Cu-Zn-based iow-temperature 
shift converter cataiyst is used as the second shift con- 
verter catalyst. 

[0054] When the infet temperature of the second shift 
converter catalyst-filled iayer 25 reaches the predeter- 
mined value, first reforming additive water starts to be 
injected through the first reforming additive water injec- 
tion port 41 . {S1 12) and the amounts of fuel and selective 
oxidation air to be introduced are gradually increased to 
rated flow rates to finish the start-up state and cause a 
shift to steady operation state (see FIG. 5). The reformate 
discharged from the outlet of the reformate discharge 
pipe 55 can be directedto the bumer4 and used as burner 
fuel. In the operation at start-up of the fuel reformer of 
the present invention, since a step of preheating the cat- 
alyst-filled layers in the fuel reformeris provided, the start- 
up time can be shortened and the starting performance 
can be Improved. Also, according to the present inven- 
tion, reforming additive water can be used as a heating 
medium for preheating the reformer. Thus, the reformer 
does not have to use a heating medium such as nitrogen 
like conventional reformers do, and a heating medium 
can be easily obtained even when the fuel reformers are 
separately installed in different locations. 



[0055] The operating state of the fuel reformer accord- 
ing to the present Invention during steady operation is 
next described. Here, the conditions under which the first 
reforming additive water, the second reforming additive 
5 water and the material fuel are processed in different 
parts of the reformer upper section 2 and the reformer 
lower section 3 are described with reference to FIG. 1 
and F^G. 5. The first reforming additive water injected 
through the first reforming additive water Injection port 

to 41 flows through the first reforming additive water pas- 
sage 40 in a direction counter to the reformate flowing 
through the reformer lower section 3. The first reforming 
additive water flowing through the first reforming additive 
water passage 40 is evaporated as it cools the selective 

1S oxidation section 36, the second shift converter section 
26 and the first shift converter section 21, superheated 
by high -temperature reformate discharged from the re- 
forming section 7 in the heat exchanging section 24, and 
directed to the mixingchamber44. in the rmxing chamber 

20 44, the reforming material Injected through the fuel injec- 
tion port 52 is evaporated by the superheated steam pro- 
duced from the first reforming additive water when the 
reforming material \s a liquid fuel such as kerosene or 
preheated when it is a gas fuef such as city gas. Since 

25 the superheated steam produced from the first reforming 
additive water can have a temperature in the range of, 
for example, 400 to 600°C when it enters the mixing 
chamber44, the superheated steam has sufficiently high 
ability as a heat source to evaporate or preheat the fuel. 

30 [0056] The second reforming additive water injected 
through the second reforming additive water injection 
port 47 is heated and evaporated by the combustion gas 
while it Is flowing through the second reforming additive 
water passage 45, joins mixed gas ofthe second reform- 

35 ing additive water and the reforming material in the nmxing 
chamber 44, and Is directed to the reforming catalyst- 
filled layer 6 through the reforming section inlet gas pas- 
sage 8. 

[0057] in the reforming catalyst-filled layer 6, a reform- 
40 ing reaction of fuel with steam is carried out mainly. For 
example, when the reforming fuel is methane, a reform- 
ing reaction with steam as represented by the following 
chemical formula occurs. 

45 CH 4 ^H 2 0~^CO + 3H 2 (1) 

[0058] Since a reforming reaction of a hydrocarbon 
with steam fs an endothermlc reaction, the higher the 
reaction temperature is, the higher the reforming rate of 

50 the hydrocarbon and the higher the reaction rate will be. 
However, when the temperature is excessively high, the 
requirements for the thermal resistance of the materials 
for the reformer will be too severe, and the thermal effi- 
ciency tends to be lowered because of an increase in 

55 heat diffusion from the reformer. Thus, the temperature 
distribution in the reforming catalyst-filled layers can be 
made to range from 550 to 800°C, for example, in the 
gas flowing direction, and the optimum temperature dis- 
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tribution can be further limited appropriately depending 
on the type of the reforming material. Afso, the more the 
amount of additive steam for the reaction is, the higher 
the reforming rate will be. However, since the thermal 
efficiency is decreased because the amount of heat 
reeded to generate the steam increases. Thus, an S/C 
in the range of 2.2 to 3.5 is preferred. The supply of heat 
for the reforming reaction to the reforming catalyst-filled 
layer 6 is made by transferring the heat generated by 
combustion of the burner fuel in the combustion chamber 
5A as a heat source through heat radiation from the com- 
bustion cylinders and heat transfer from the combustion 
gas passing through the combustion gas passage 10. 
[0059] The reformats discharged from the reforming 
section 7 is lowered in temperature in the heat exchang- 
ing section 24 and then, directed to the first shift converter 
section 21 and the second shift converter section 26, 
where a shift converter reaction represented by the fol- 
lowing chemical formula occurs. 

CO + H 2 0~>C0 2 + H 2 (2) 

[0060] Since the shift converter reaction is an exother- 
mic reaction, when the reaction temperature is lowered, 
there is an advantage that the concentration of CO in the 
reformate after the shift conversion can be lowered and 
a disadvantage that the reaction rate decreases. 
[0061] Therefore, in this embodiment, the first shift 
converter section 21 with a relatively high reaction tem- 
perature and the second shift converter section 26 with 
a low reaction temperature are provided. Since the reac- 
tion rate can be high in the first shift converter sectkm 21 
and the concentration of CO In the reformate can be low 
In the second shift converter section 26, the efficiency of 
the shift converter reaction can be improved as a whole. 
The temperature distribution in the first shift converter 
catalyst-filled layer 20 ranges, for example, from 500 to 
280°C r preferably from 450 to 300°C, in the gas flowing 
direction. The temperature distribution in the second shift 
converter cataiyst-fi Hed layer 25 ranges, for example, 
from 280 to 170°C, preferably from 250 to 1 90°C> in the 
gas flowing direction. The concentration of CO in the 
reformate is approximately 10% at the inlet of the first 
shift converter catalyst-filled layer 20, approximately 3 to 
5% atthe inlet of the second shift converter catalyst-filled 
layer 25, and approximately 0.3 to 1% atthe outlet of the 
second shift converter catalyst-filled layer 25. By optimiz- 
ing the temperature distributions in the shift converter 
catalyst-filled layers as described above, the residual CO 
concentration in the reformate after shift conversion can 
be decreased. In addition, the entire amounts of the shift 
converter catalysts to be filled can be small, and the re- 
former can be reduced in size and manufacturing cost. 
[0062] The reformate discharged from the second shift 
converter section 26 is directed to the selective oxidation 
section 36 and undergoes a CO selective oxidation re- 
action with selective oxidation air introduced through the 
selective oxidation air Introduction port 58 represented 



by the following chemical formula. 

CO + (1/2)O 2 ~>0O 2 (3) 

5 [0063] Since oxygen In the selective oxidation air oxi- 
dizes and consumes hydrogen in the reformate as well 
as oxidizes and removes CO in the reformate as repre- 
sented by the chemical formula (3), it is important to sup- 
press the oxidation reaction between oxygen and hydro- 

io gen in order to improve hydrogen production efficiency, 
that is, the thermal efficiency, of the reformer. 
[0064] In this embodiment, the annular baffle plate 38 
is provided fn a gap between the second shift converter 
section 26 and the selective oxidation section 36 and the 

15 selective oxidation air introduction port 58 is located in 
the central opening of the baffle plate 38 so that the refor- 
mate and the selective oxidation air can be mixed uni- 
formly, The temperature distribution in the selective ox- 
idation catalyst-filled layer 35 ranges, for example, from 

20 200 to 1 00°C, preferably from 1 50 to 1 1 0 Q C 5 in the gas 
flowing direction. The amount of the selective oxidation 
airto be introduced is determined, for example, such that 
the reslduai CO concentration in the reformate can be 
100 ppm or less, preferably 10 ppm or less, after the 
selective oxidation. To improve the hydrogen production 
efficiency of the reformer, the molar ratio {0 2 /CO} of ox- 
ygen in the selective oxidation airto CO in the reformate 
to be introduced into the selective oxidation section 36 
is, for example, in the range of 1 .2 to 3.0, preferably 1 .2 

30 tO 1 .8. 

[0065] 3y optimizing the temperature distribution in the 
selective oxidation catalyst-filled fayer35 and fully mixing 
the reformate and the selective oxidation mr, the residual 
CO concentration in the reformate after the selective ox- 
35 idation can be reduced and the consumption of hydrogen 
can be reduced to improve the thermal efficiency of the 
reformer. 

[0066] Although oniy one selective oxidation section 
36 is provided in the first embodiment as described 

40 above, two selective oxidation sections 36 may be pro- 
vided. For example, asecond selective oxidation section 
may be provided below the selective oxidation section 
36 shown in FIG. 1 or a second selective oxidation device 
may be provided at the downstream of the reformer 7. 

45 [0067] The reformate discharged from the selective 
oxidation section 36 after the selective oxidation can be 
obtained from the outlet of the reformate discharge pipe 
55, and the obtained reformate can be supplied to a fuel 
cell for generation of electricity (detailed illustration of a 

50 fuel cell is not given). In general in the case of a fuef cell 
using reformate shift-converted from a hydrocarbon as 
fuel, 70 to 80% of hydrogen in the reformate is consumed 
and the residual hydrogen Is discharged as anode off 
gas. According to the first embodiment, the anode off gas 

55 from the fuel cell can be used as the burner fuel 

[0068] Also in the above embodiment, the burner 4 
may be a singfe-fuel burner which uses only anode off 
gas as burner fuel during steady operation or a multi-fuel 
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burner which uses reforming material as auxiliary fuel in 
addition to anode off gas. The combustion gas generated 
from the combustion in the burner 4 flows downward 
through the combustion cylinders, turns around at a low- 
erpartofthe combustion cylinders, flows upward through 
the combustion gas passage 1 0, passes through the baf- 
fle plate 1 1 and is discharged from the combustion gas 
outlet 12. 

[0069] FIG. 6 is a constitutional block dfagram illustrat- 
ing a second embodiment of the present invention. In the 
second embodiment, a first reforming additive water flow 
rate control section 70 and a second reforming additive 
water ffow rate control section 72 are provided so that 
the operation of the fuel reformer shown in FfG.1 under 
steady conditions can be improved. The first reforming 
additive water flow rate control section 70 has thermom- 
eters T1 to T5 such as thermocouples for measuring the 
temperatures of different parts of the reformer upper sec- 
tion 2 and the reformer lower section 3 as input instru- 
ments, and a first flow meter F1 for measuring the flow 
rate of the first reforming additive water flowing through 
the first reforming additive water passage 40, and trans- 
mits a valve opening signal to the flow control valve 64. 
In the reformer upper section 2, a first thermometer T1 
for measuring the temperature of the first reforming ad- 
ditive water in the vicinity of the mixing chamber 44 and 
a second thermometer T2for measuring the temperature 
of the reforming section 7 are provided, in the reformer 
lower section 3, a third thermometer T3 for measuring 
the temperature of the first shift converter section 21 , a 
fourth thermometer T4 for measuring the temperature of 
the second shift converter section 26 and afifth thermom- 
eter T5 for measuring the temperature of the selective 
oxidation section 36 are provided. 
[0070J The second reforming additive water flow rate 
control section 72 has a first flow meter F1 for measuring 
the flow rate of the first reforming additive water flowing 
through the first reforming additive water passage 40, a 
second flow meter F2 for measuring the flow rate of the 
second reforming additive waterflowing through the sec- 
ond reforming additive water passage 45, and a third flow 
meter F3 for measuring the flow rate of the reforming 
material flowing through the reforming material passage 
50 as input instruments, and transmits a valve opening 
signal to the flow control valve 65. 
[0071] The first reforming additive water flow rate con- 
trol section 70 measures the temperatures of the different 
parts of the reformer upper section 2 and the reformer 
lower section 3 with the frrst to fifth thermometers T1 to 
T5, and closes the flow control valve 64 to reduce the 
flow rate of the first reforming additive water when any 
of the temperatures become lower than preset values for 
each part. Then, the temperatures of the parts such as 
the first shift converter section 21 are raised, and main- 
tained at the preset value by feedback control of the first 
reforming additive waterflow rate control section 70. The 
second reforming additive water flow rate control section 
72 calculates the amount of carbon in the reforming ma- 



terial to be reformed based on a flow rate signal from the 
third flow meter F3, for exampfe, and the composition of 
the reforming materiaf, and calculates the amount of re- 
forming additive water at a specific ratio to the calculated 
^ amount of carbon (the molar ratio of the reforming addi- 
tive waterto the carbon in the reforming material is here- 
inafter represented as "S/CT (steam/carbon)). Then, the 
second reformmg additive water flow rate control section 
72 subtracts the amount of first reforming additive water 
to measured by the first flow meter F1 from the calculated 
amount of reforming additive waterto obtain the amount 
of waterto be supplied as the second reformmg additive 
water, and transmits a valve opening signal to the fiow 
control vatve 65 to control the flow rate of the second 
15 reforming additive water measured by the second fiow 
meter F2 to correspond to the calculated amount of water 
to be supplied. 

[0072] According to this embodiment, since the sec- 
ond reformmg additive water flow rate control section 72 
is provided, the ratio of the fiow rates of the first reforming 
additive water and the second reforming additive water 
can be adjusted during steady operation of the reformer 
without changing the totaf flowing amount of the reform- 
ing additive water, that is, the 5/C. Thus, the ffrst reform- 
ing additive water flow rate control section 70 can control 
the temperature of each section stably. For example, 
when the temperature distribution in the first shift con- 
verter section 21 is shifted to the high-temperature side 
for some reason, the first reforming additive water flow 
rate control section 70 and the second reforming additive 
water flow rate control section 72 cooperate with each 
other to return the temperature distribution' In the first 
shift converter section 21 to an appropriate temperature 
distribution by operating the flow control valve 64 in the 
first reforming additive water injection passage 66 and 
the flow control valve 65 in the second reforming additive 
water injection passage 67 to decrease the flow rate of 
the second reforming additive water as needed and to 
increase the flow rate of the first reforming additive water. 
Therefore, an optimum S/C can be achieved at every 
operating load and the thermal efficiency in the reforming 
process can be improved. 

[0073 J Description is hereinafter made of a third em- 
bodiment of the fuel reformer according to the present 
invention. FiG. 7 is a verticaf cross -sectional view of a 
fuel reformer according to the third embodiment. Those 
parts equivalent to or corresponding to the components 
of FIG. 1 are identified with the same numerals in FIG. 
7, and redundant description \s omitted. 
[0074] As shown in the drawing, an inner cylinder 29 
and an mtermediate cylinder 30 are disposed coaxialfy 
with an outer wall of the reformer tower section 3 in the 
second reforming section 26 t and the inner cylinder 29 
is located on the center side and the intermediate cylinder 
30 is located on the outer peripheral side. A gas intro- 
duction passage 31 is a space formed on the center side 
of the inner cylinder 29, and an opening of an annular 
baffle plate 27 is connected to the end of the inner cylinder 
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29 on the side of the first shift converter section 21. A 
second shift converter catalyst-filled layer 25 is a space 
formed between the outer peripheral side of the mner 
cylinder 29 and the center side of the intermediate cylin- 
der 30 and is filled with a second shift converter catalyst. 
A gas discharge passage 32 is a space defined by the 
outer peripheral side of the intermediate cylinder 30, an 
outer wall of the reformer lower section 3, the annular 
baffle plate 27 disposed in a gap between the first shift 
converter section 21 and the second shift converter sec- 
tion 26, and a bottom 39 of the second shift converter 
section 26. The gas introduction passage 31 and the sec- 
ond shift converter catalyst-filled layer 25 are communi- 
cated with each other via a lower end opening 33 of the 
inner cyfinder29 as afirst opening. The second shift con- 
verts r catalyst-f Hied layer 25 and the gas discharge pas- 
sage 32 are communicated with each other via an upper 
end opening 28 of the intermediate cylinder 30 as a sec- 
ond opening. 

[0075] In the second shift converter section 26 consti- 
tuted as described above, the reform ate discharged from 
the first shift converter section 21 flows downward 
through the gas introduction passage 31, turns around 
at the lower end opening 33 of the inner cylinder 29, and 
flows upward through the second shift converter cataiyst- 
filled teyer25. The reformate discharged from the second 
shift converter catafyst-f tiled layer 25 turns around at the 
upper end opening 28 of the intermediate cylinder 30, 
andflows downward through the gas discharge passage 
32 to the selective oxidation section 36. A cylindrical hol- 
low section 36B through which refonnate cannot pass is 
provided at the center of the selective oxidation section 
36, Since the cylindrical hollow section 36B is provided, 
the amount of catalyst to be filled in the sefeGtive oxidation 
section 36 and the temperature distribution in the selec- 
tive oxidation section 36 can be optimized. As a resutt, 
the temperature distributions in the shift converter sec- 
tions and the selective oxidation section of the fuel re- 
former according to this embodiment can be optimized 
and the performance of the reformer can be improved 
even further. 

[0076] The operation of the fuel reformer according to 
this embodiment is the same as that of the first embod- 
iment described before, and hence its description is omit- 
ted. 

[0077] Description Is hereinafter made of a fourth em- 
bodiment of the fuel reformer according to the present 
invention. FIG. 8 is a vertical cross-sectional view of a 
fuel reformer according to the fourth embodiment. Those 
parts equivalent to or corresponding to the components 
of FIG. 1 are identified with the same numerals in FIG. 
8, and redundant description Is omitted. As shown in the 
drawing, the medium-low-temperature unit 3 has a first 
shift converter section 21 filled with a first shift converter 
catalyst in a cylindrical shape, a second shift converter 
section 26A filled with a second shift converter catafyst 
in an annular shape, and a selective oxidation section 
36A located coaxially around an outer periphery of the 



second shift converter section 26 A. 
[0078] The second shift converter section 26A has an 
inner cylinder 29A disposed coaxiaSly with an outer wall 
of the medium-low-temperature unit 3, and an interme- 
s diate cylinder 30A disposed coaxialiy with the outer wall 
of the medium- low-temperature unit 3 and on the outer 
peripheral side of the inner cylinder 29A. A catalyst-filled 
layer 25A of the second shift converter section 26A is an 
annular space housing a second shift converter catalyst 
and is defined by an outer peripheral surface of the inner 
cylinder 29A and an inner peripheral surface of the inter- 
mediate cylinder 30A. An annular baffle plate 27A \s dis- 
posed in a gap between the first shift converter section 
21 and the second shift converter section 26 A and has 
a gas dispersion plate 34 A at its center. 
[0079] A gas introduction passage 31 A is a space de- 
fined by the annular baffle piate 27A 7 an inner peripheral 
surface, on the side of the first shift converter section 21, 
of the intermediate cylinder 30A located inside the selec- 
tive oxidation section 36A, and an outer peripheral sur- 
face of the inner cylinder 29 on the side of the first shift 
converter section 21 , and is a passage through which 
the reformate having passed through the first shift con- 
verter section 21 is introduced into the second shift con- 
verter section 26A. A gas discharge passage 32A is a 
space defined by an inner peripheral surface of the In- 
termediate cylinder 30A on the side of the bottom 43, a 
bottom 39 of the second shift converter section 26A, an 
inner peripheral surface of the inner cylinder 29A, and a 
conduit 70A communicated with a part of the selective 
oxidation section 36A facing the first shift converter sec- 
tion 21, and is a passage through which the reformate 
having passedthrough the second shift converter section 
26A is introduced into the selective oxidation section 36A. 
The conduit 70 A rs a tube with a circular or rectangular 
cross-section connected to an end of the inner cylinder 
29A and extendingthrough the intermediate cyltnder30A 
and has a diameter not to disturb the flow through the 
gas introduction passage 31 A. The conduit 70A has a 
second opening 28 A on the side of a gas introduction 
passage 71 A. A first opening 33A is formed at an end of 
the inner cylinder 29 on the side of the bottom 39 of the 
intermediate cylinder30A. A selective oxidation ainntro- 
duction port58 is located in the vicinity of the first opening 
33A, and, preferably, slightly inserted into the first open- 
ing 33A. Since the selective oxidation air introduction port 
58 is located in the vicinity of the first opening 33A, the 
reformate shift-converted in the second shift converter 
section 26A and the selective oxidation air are properly 
rmxed and the selective oxidation reaction proceeds ef- 
fectively in the selective oxidation section 36A- 
[0080] The selective oxidation section 36A has a se- 
lective oxidation catalyst-filled layer 35A defined by an 
inner peripheral surface of the low-medium temperature 
unit 3 and an outer peripheral surface of the intermediate 
cylinder 30A r and also has a gas Introduction passage 
71 A and a gas discharge passage 72A. The gas intro- 
duction passage 71 A is a space defined by an mner pe- 
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ripheral surface of the low-medium temperature unit 3, 
an outer peripheral surface of the intermediate cylinder 
30Aand the annuiar baffle plate 27Aand directs therefor- 
mate having passed through the second shift converter 
section 26A to the selective oxidation catalyst-titled layer s 
35A. A gas dispersion plate 37A is provided in the gas 
introduction passage 71 A for making the gas flow uni- 
form. The gas discharge passage 72A is a space defined 
by an inner peripheral surface of the medium-low-tem- 
perature unit 3, an outer peripheral surface of the inter- io 
mediate cylinder 30A, the bottom 39 of the second shift 
converter section 26A, the bottom 43 of the medium-low- 
temperature unit 3, and an inner peripheral surface of 
the reformate discharge pipe 55 and can direct the ref or- 
mate having passed through the selective oxidation cat- is 
alyst-filled layer 35A to the reformate discharge pipe 55. 
[0081] In the second shift converter section 2BA con- 
stituted as described above, the reform ate having passed 
through the first shift converter section 21 flows down- 
ward through the gas introduction passage 31 A and the 20 
gas dispersion plate 34A and then passes through the 
catalyst-filled layer 25A. The reformate having passed 
through the second shift converter catalyst-filled layer 
25A turns around at the first opening 33A, flows upward 
through the gas discharge passage 32 A, passes through 2& 
the second opening 28A and is directed to the selective 
oxidation section 36A through the gas introduction pas- 
sage 71 A. That is, the reformate having passed through 
the second shift converter section 26A passes through 
the gas introduction passage 71 A and the gas dispersion 30 
plate 37A> flows downward through the selective oxida- 
tion catalyst-filled layer 35A and is directed to the outside 
of the system through the gas discharge passage 72A. 
[0082] When the second shift converter section 26A 
andthe selective oxidation section 36A are disposed con- 35 
centrically with each other as described above, the sec- 
ond shift converter section 26A is located at the center 
where a large amount of reformate tends to flow. Thus, 
since the reformate flows uniformly through the selective 
oxidation section 36A located around an outer periphery 40 
of the second shift converter section 26A, a selective 
oxidation reaction proceeds uniformly. Therefore, the 
amount of selective oxidation catalyst to be filled in the 
selective oxidation section 36A can be optimized and the 
temperature distribution in the selective oxidation section 45 
36A can be optimized, 

[0083] Although a fuel reformer in which the reformer 
upper section 2 as a high -temperature unit is located on 
the upper side and the reformer lower section 3 as a 
medium-low-temperature unit is located on the tower side so 
is described in the first to fourth embodiments, the 
present invention is not limited thereto. The fuel reformer 
can be used upside-down. 

[0084] Although a case where the annular baffle plate 
1 8 is provided in a gap at the joint between the reformer 55 
upper section 2 and the reformer lower section 3, and 
the heat exchanging section 24, in which the reformate 
and the reforming water exchange heat, is defined by the 



bottom of the reformer upper section 2, the top of the 
reformer lower section 3 and the connection flow pipe 1 9 
is shown \n the first to fourth embodiments, the present 
invention is not limited thereto. Briefly speaking, all that 
is necessary is that the first reforming additive water can 
be evaporated and superheated and an optimum tem- 
perature distribution can be achieved in every part of the 
fuel reformer. 

[0085] For example, the bottom of the first shift con- 
verter section 21 and the top of the second shift converter 
section 26 may be connected by a connection flow pipe 
with an annular baffle plate provided in a gap at the joint 
therebetween to form a second heat exchanging section 
in which the reformate and the first reforming additive 
water can exchange heat through the bottom of the first 
shift converter section 21 , the top of the second shift con- 
verter section 26 and the connection flow pipe. In addi- 
tion, the bottom of the second shift converter section 26 
and the top of the selective oxidation section 36 may be 
connected by a connection fiowpipe with an annular baf- 
fle plate provided in a gap at the joint therebetween to 
form a third heat exchanging section in which the refor- 
mate andthe first reforming additive water can exchange 
heat through the bottom of the second shift converter 
section 26, the top of the selective oxidation section 36 
and the connection flow pipe. When the third heat ex- 
changing section is provided, an introduction port for the 
selective oxidation air may be provided in the connection 
flow pipe connecting the bottom of the second shift con- 
verter section 26 and the top of the selective oxidation 
section 36. 

industrial Applicability 

10086] The fuel reformer according to the present in- 
vention has: a high -temperature unit having a combus- 
tion chamber in which fuel is burned, and a reforming 
section disposed on the outer peripheral surface side of 
the combustion chamber and filled with a reforming cat- 
alyst in an annular shape; and a medium-low-tempera- 
ture unit having a shift converter section located on the 
side where the medium- tow-temperature unit is connect- 
ed to the high-temperature unit and filled with a shift con- 
verter catalyst in a cylindrical or annular shape, and a 
selective oxidation section located on the side opposite 
the side where the medium-low-temperature unit is con- 
nected to the high-temperature unit and filled with a se- 
lective oxidation catalyst in a cylindrical or annular shape. 
Since the fuel reformer is largely divided into two sec- 
tions, high-temperature unit and low-temperature unit, 
the structure of the integrated fuet reformer can be sim- 
plified, the manufacturing cost can be reduced and the 
thermal efficiency can be Improved. 
[0087] The fuel reformer according to the present in- 
vention also has a connection flow pipe for supplying 
reformate having passed through the reforming section 
in the high-temperature unit to the shift converter section 
side in the medium- low-temperature unit; and a vessel 
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for integrally housing the high -temperature unit and the 
medium- low-temperature unit connected by the connec- 
tion flow pipe. Thus, the generation of thermal stress can 
be significantly reduced and the durability of the fuel re- 
former can be Improved. 

[0088] The fuel reformer according to the present in- 
vention may also have a reforming additive water pas- 
sage formed In a gap between outer walls of the high- 
temperature unit and the medium-low-temperature unit 
and an inner wail of the vessel; a reforming material sup- 
ply passage for supplying reforming material to the high- 
temperature unit; and a mixing chamber communicating 
the reforming additive water passage and the reforming 
material supply passage. Then, the reforming additive 
water can be evaporated and superheated by the sensi- 
ble heat of the reformate thro ugh heat exchange between 
the reforming additive water supply passage and the 
high- and medium-iow-temperature units, and the fuel 
can be preheated when the fuel is a gas fuel or fuel can 
be evaporated when the fuel is a liquid fuel in the mixing 
chamber using the high-temperature superheated steam 
generated from the reforming additive water. Therefore, 
the fuel reformer of the present Invention is applicable to 
both gas fuels such as city gas, LPG, and anaerobic di- 
gestion gas and liquid fuels such as kerosene and naph- 
tha, 

[0089] The fuel reformer according to the present in- 
vention may also have a reforming materia! supply pas- 
sage for supplying reforming material to the high-tem- 
perature unit; a second reforming additive water passage 
for supplying reforming additive water directly to the high- 
temperature unit, not through the medium-iow-tempera- 
ture unit; and a mixing chamber communicating trie re- 
forming additive water passage, the reforming material 
supply passage and the second reforming additive water 
passage. Then, the start-up time can be significantly 
shortened and the temperature of each reaction section 
can be controlled easily t 

[0090] In the fuel reformer according to the present 
invention, the medium-low temperature umt may have a 
shift converter section having a first shift converter sec- 
tion tocated on the side of the high -temperature unit and 
filled with a first shift converter catalyst In a cylindrical or 
annular shape ; and a second shift converter section filled 
with a second shift converter cataiyst in a cylindrical or 
annular shape and if the second shift converter section 
is disposed coaxially with the selective oxidation section, 
then the second shift converter section and the selective 
oxidation section are arranged concentrically with each, 
other and the reformer can be compact as a whole. 

Claims 

1 . A fuel reformer, comprising: 

a high-temperature unit having a combustion 
chamber in which fuel is burned, and a reforming 



section disposed on an outer peripheral surface 
side of the combustion chamber and filled with 
a reforming catalyst in an annular shape; 
a medium-low-temperature unit having a shift 
converter section located on a side where the 
medium-iow-temperature unit is connected to 
the high-temperature unit and filled with a shift 
converter catalyst in a cylindrical or annular 
shape, and a selective oxidation section located 
on a side opposite the side where the medium- 
low-temperature unit is connected to the high- 
temperature unit and filled with a selective oxi- 
dation catalyst in a cylindrical or annular shape; 
a connection flow pipe for supplying reformate 
having passed through the reforming section of 
the high -temperature unit to the shift converter 
section side in the medium-low-temperature 
unit; and 

a vessel for integrally housing the high-temper- 
ature unit and the medium- low-temperature unit 
connected by the connection flew pipe. 

2. The fuel reformer of Claim 1 , further comprising: 

a reforming additive water passage formed in a 
gap between outer walls of the high-temperature 
unit and the medium- low-temperature unit and 
an inner wall of the vessel; and 
a reforming additive water injection port provid- 
ed at an end of the reforming additive water pas- 
sage on a side opposite the side where the me- 
dium-low-temperature unit is connected to the 
high-temperature unit 

3. The fuel reformer of Claim 2, further comprising: 

a reforming material supply passage for supply- 
ing reforming material to the high-temperature 
unit; and 

a mixing chamber communicating the reforming 
additive water passage and the reforming ma- 
terial supply passage. 

4. The fuel reformer of Claim 2, further comprising: 

a reforming material supply passage for supply- 
ing reforming material to the high-temperature 
unit; 

a second reforming additive water passage for 
supplying reforming additive water directly to the 
high-temperature unit, notthrough the medium- 
low-temperature unit; and 
a mixing chamber communicating the reforming 
additive water passage, the reforming material 
supply passage and the second reforming ad- 
ditive water passage. 

5. The fuel reformer of any one of Claims 2 to 4, further 
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comprising: 

a baffle plate provided in a gap at a joint between 
the high-temperature unit and the medium-fow- 
temperature unit; and 5 
a heat exchanging section provided between 
opposite faces of the high -temperature unit and 
the medium-low-temperature unit for exchang- 
ing heat between reformate flowing from the 
high-temperature unit to the mediunrvfow-tem- 10 
perature unit and the reforming additive water. 

6. The fuel reformer of any one of Claims 1 to S f wherein 
the connection flow pipe has an expandable member 
expandable and contractibie in the axial direction of 15 
the connection flow pipe. 

7. The fuel reformer of any one of Claims 1 to 6, wherein 
the shift converter section has a first shift converter 
section located on a side of the high-temperature 20 
unit and filled with a first shift converter catalyst in a 
cylindrical or annufar shape, and a second shift con- 
verter section located on a side of the selective ox- 
idation section and filled with a second shift converter 
catalyst in a cylindrical or annular shape. 25 

8. The fuel reformer of Claim 7, 

wherein the second shift converter section has: an 
inner cylinder disposed coaxiaily with an outer wall 
of the medium-fow-temperature unrt; and an inter- so 
mediate cylinder disposed coaxiaily with an outer 
wall of the medium-low-temperature unit and on the 
outer peripheral side of the inner cylinder, and 
wherein a gas introduction passage for the reformate 
having passed through the first shift converter sec- 35 
tJon is defined by an inner peripheral surface of the 
inner cylinder, a catalyst filled-iayer of the second 
shift converter section is defined by an outer periph- 
eral surface of the inner cylinder and an inner pe- 
ripheral surface of the intermediate cylinder, and a *o 
gas discharge passage is defined by an outer pe- 
ripheral surface of the intermediate cylinder and an 
inner peripheral surface of the medium-low-temper- 
ature unit. 

45 

9« The fuel reformer of Claim 8, 

wherein the second shift converter section also has: 
a first opening communicating the gas introduction 
passage and the catalyst fiiled-layer of the second 
shift converter section, and disposed at the inner cyl- so 
inder on the side of the selective oxidation section; 
and a second opening communicating the catalyst 
fi Ned-layer of the second shift converter section and 
the gas discharge passage, and disposed at the in- 
termediate cylinder on the side of the first shift con- S5 
verier section. 

10. The fuel reformer of any one of Claims 1 to 9, com- 



prising a baffle piate in a gap between the shift con- 
verter section and the selective oxidation section, 
wherein a selective oxidation air introduction port is 
located In an opening at a center of the baffle plate. 

11. The fuel reformer of any one of Claims 1 to 10, where- 
in the selective, oxidation section has a cylindrical 
ho Mow section through which the reformate flowing 
from the shift converter section cannot pass in a vi- 
cinity of a center thereof. 

12. The fuel reformer of any one of Claims 1 to 6, wherein 
the medium-low-temperature unit has a shift con- 
verter section having a first shift converter section 
located on a side of the high-temperature unit and 
filled with a first shift converter catalyst in acylindrical 
or annular shape and a second shift converter sec- 
tion filled with a second shift converter catalyst in a 
cylindrical or annular shape and disposed coaxiaily 
with the selective oxidation section. 

13. The fuel reformer of Claim 12, where'rn the second 
shift converter section has: an inner cylinder dis- 
posed coaxiaily with an outer waii of the medium- 
low-temperature unit; and an intermediate cylinder 
disposed coaxiaily with the outer wall of the medium- 
fow-temperature unitand on the outer peripheral side 
of the inner cylinder, and 

wherein there are further provided: a catalyst-filled 
layer of the second shift converter section provided 
in a space defined by an outer peripheral surface of 
the inner cylinder and an inner peripheral surface of 
the Intermediate cylinder; a selective oxidation cat- 
alyst-filled layer of the selective oxidation section in 
a space defined by an outer peripheral surface of 
the intermediate cylinder and an inner peripheral sur- 
face of the medium -low-temperature unit; a gas in- 
troduction passage formed between opposite faces 
of the first shift converter section and the second 
shift convertersection for feeding the reformate hav- 
ing passed through the first shift converter section 
to the second shift converter section; and a gas dis- 
charge passage for the reformate having passed 
through the second shift converter section commu- 
nicating the bottom side of the second shift converter 
section and a part of the selective oxidation section 
facing the first shift converter section, 

14* The fuel reformer of Claim 13, further comprising 
a baffle piate disposed between opposite faces of 
the first shift converter section and the second shift 
converter section, 

wherein the gas introduction passage is defined by 
the baffle plate, an inner peripheral surface of the 
intermediate cylinder, and an outer peripheral sur- 
face of the inner cylinder, 

15. The fuel reformer of Claim 13, wherein the gas dis- 
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charge passage is defined by a bottom of the inter- 
mediate cylinder, an inner peripheral surface of the 
inner cylinder, and a conduit connecting the inner 
peripheral surface of the inner cylinder and the se- 
lective oxidation section. s 

16. The fuel reformer of any one of Claims 1 to 15, further 
comprising a vacuum heat insulating layer provrded 
on an outer periphery of the vessel 
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17» A fuel reformer, comprising: 



a high-temperature unit having a combustion 
chamber In which fuei is burned, and a reforming 
section disposed on the outer peripheral side of 15 
the combustion chamber andfilfed with a reform- 
ing catalyst; 

a medium-low-temperature unit having a shift 
converter section for shift-converting reformate 
having passed through the reforming section of 20 
the high -temperature unit, and a selective oxi- 
dation section for performing selective oxidation 
of the reformate shift-converted in the shift con- 
verter section; 

a reforming additive water passage which Is dls- 25 
posed in such a manner that reforming additive 
water can undergo heat exchange in the medi- 
um-!ow-temperature unit and which can supply 
the reforming additive water to the high-temper- 
ature unit; 30 
a second reforming additive water passage for 
supplying reforming additive water directly to the 
high-temperature unit, not through the medium- 
low-temperature unit; 

a reforming material supply passage for supply- 35 
ing reforming material to the high -temperature 
unit; and 

a mixing chamber communicating the reforming 
additive water passage, the second reforming 
additive water passage and the reforming ma- 4 <* 
teriai supply passage. 
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